Background: Age cohort screening for hepatitis C virus (HCV) might be an effective strategy if the majority of undiagnosed cases are concentrated in a particular age group. The objective of this study was to determine HCV prevalence in different age cohorts of the general population in the Central European part of Russia and second, to assess feasibility of HCV antigen testing for community screening programs. Methods: Sera from 2027 volunteers were tested for anti-HCV (Architect Anti-HCV, Abbott Laboratories). All anti-HCV reactive samples were confirmed in an immunoblot and tested for HCV Ag (ARCHITECT HCV Ag, Abbott Laboratories), HCV RNA and HCV viral load. Results: Out of 31 individuals with anti-HCV reactive result, 22 (71%) were confirmed by immunoblot, six were false positives and three were indeterminate. Active infection was observed in 73% of anti-HCV confirmed positives. Five out of 16 individuals had low HCV-RNA levels (< 10,000 IU/mL) and one of those had a very low level (594 IU/mL). Agreement between HCV Ag and HCV RNA was 100%. Total anti-HCV and active HCV infection rates were 1.09% (22/2027) and 0.79% (16/2027), respectively. The peak rates were observed in people 60 years or older (anti-HCV: 2.84% [95% CI: 1.66-4.74%], 13/319; HCV RNA/HCV Ag: 2.23% [95% CI: 1.20-4.00%], 10/319). Conclusions: Overall HCV prevalence is low, except in people 60 years or older. The latter should be considered as a target group for HCV screening. The high agreement between HCV RNA and HCV Ag suggests the utility of HCV Ag testing to confirm active infection in screening programs.
Background
Current antiviral regimens can cure up to 95% of persons with HCV infection and thus reduce the risk of death from cancer and liver cirrhosis, as well as the number of new infections [1] . This means that screening and timely treatment of chronic hepatitis C (CHC) are the most promising measures in combating the epidemic of this infection [2] . Eastern Europe and Central Asia (EECA) are among the regions with the highest prevalence of HCV infection [3] . Within the EECA, Russia has the highest absolute number of infections and, together with Egypt, China, India, Nigeria and Pakistan, accounts for more than half of the global HCV burden [4] . According to the Russian State Statistical Observation service, the incidence of CHC in Russia has ranged between 32 and 40 cases per 100,000 population over the last 10 years [5] . However, the reported incidence rates do not fully reflect the HCV burden on the population. HCV infection can be asymptomatic for decades; as a result up to 90% of HCV-infected people are not currently identified and do not know their status [6] . In Russia, 3 to 5 million people are estimated to be infected with HCV [7] . Importantly, data on true HCV prevalence in Russia are lacking, as current estimates are based mostly on studies conducted in megalopolises such as Moscow and St. Petersburg, regions outside the Central European part of the country [8] [9] [10] or in specific cohorts (first time blood donors) and risk groups [5, 11] . To assess the true prevalence of HCV infection and to understand the epidemiological features of the infection in different territories, population-based studies are necessary. Depending on the characteristics of epidemiology in a particular region, HCV infection may be concentrated in certain age groups [12] . In this case, birth cohort screening is recommended as a useful tool to combat hidden HCV epidemics [13] .
The screening marker of HCV infection is antibodies to the hepatitis C virus (anti-HCV) [14] . A significant proportion (up to 40-45%) of individuals with anti-HCV does not have current HCV infection and, thus, does not need antiviral therapy [15] . Molecular methods of detecting viral RNA are used to confirm active HCV infection [14] . An alternative method for confirming active HCV infection is the detection of a viral antigen in immunological tests [16] . Current recommendations for HCV screening in Russia suggest testing for anti-HCV in the following categories: pregnant women; blood donors; health workers; hemodialysis patients; patients undergoing surgery or chemotherapy (before hospitalization); people living with HIV; patients with tuberculosis; individuals from risk groups (PWID, men who have sex with men (MSM), sex workers); and prison inmates (upon incarceration). These recommendations are important for prevention of HCV infection, but, are not comprehensive enough to fully identify all infected people. WHO recommends performing populationbased serosurveys to assess the HCV burden in highrisk groups and in the general population in order to develop screening, care and treatment strategies [17, 18] . Russia has one of the highest HCV positivity rates in risk groups: up to 71% in PWID [11] . But, due to limited harm reduction programs for PWID in Russia and the criminalization of drug use, this major risk group often avoids HCV screening programs. On the other hand, the global HCV epidemic has gone beyond risk groups. Thus, epidemiological surveys in the general population are urgently needed. The Central European Region of Russia (CER) accounts for more than 25% of the country's inhabitants with the highest population density, according to the Bulletin of the Russian Statistics Agency [http://www.gks. ru/free_doc/new_site/population/demo/Popul2019.xls]. With the exception of Moscow, the population in this region lives mainly in small cities with no more than 100,000 inhabitants. Belgorod Region, located in the southwest of CER, is typical of the whole area in terms of economic and demographic characteristics. Registered incidence of CHC in CER is consistently lower than in the northwestern and Asian parts of the country, and lower than the Russian average. CHC incidence in Belgorod Region is also 20-25% lower compared to the average Russian indicators. Thus, Belgorod Region, with its population ca. 1.5 million, is a fairly representative region in terms of estimating the prevalence of HCV in the general population in CER. The objective of this study was to determine HCV prevalence in different age cohorts of the general population in the Belgorod Region of the Russian Federation and second, to assess the feasibility of HCV antigen testing for community screening programs.
Methods

Study design and population
The prospective seroprevalence study was conducted in Belgorod region of the Russian Federation between March to September 2018. In total 2027 people were surveyed, which is about 0.13% of the population of Belgorod Region (1, 547, 418 The volunteers were persons undergoing routine medical examinations, vaccine office visitors undergoing routine vaccinations, and patients visiting the polyclinic for reasons not related to infectious diseases. Inclusion criteria were a signed and dated informed consent form (ICF) approved by the Ethics Committee. Subjects were males or females 0-95 years of age, apparently healthy people with no symptoms of acute disease at enrollment (self-reported or parent-reported) and permanent residents in the study region. Exclusion criteria were treatment with blood products within 3 months before entering the study (self-reported or parent-reported), and a body temperature over 37.10°C or acute illnesses.
The study included eight age groups (ages 1-14, 15-19, 20-29, 30-39, 40-49, 50-59, 60-69 and ≥ 70 years). The population sample size was calculated for the known size of the general population of Belgorod region based on the estimated anti-HCV prevalence rates in the Russian Federation to be about 4% according to published data [5] with chosen power (80%) and confidence level (95%) [19] . Sample size in all age groups was chosen to be the same to determine HCV prevalence in each group with the same level of accuracy. The mean population sample size in each age group was 250 individuals (174-319).
Venous blood samples from ulnar vein were collected using BD Vacutainer® Plus tubes (Becton Dickinson, USA) by trained nurse in equipped and licensed procedure room for blood collection using standard procedure. Blood samples 8 mL in volume were obtained from adults and adolescents, while from children under 15 years we obtained 3 mL. All sera samples were coded and aliquoted, and aliquots were stored at − 70°C until testing.
HCV testing
All serum samples were tested for anti-HCV by the Architect Anti-HCV test (Abbott Laboratories). The presence of anti-HCV was expressed as a signal-tocutoff ratio (S/CO). Values > 1.0 were interpreted as reactive and between 0.80 and 0.99 as grey zone (GZ). All samples reactive or GZ in the screening test were confirmed by an immunoblot for antibodies to structural and non-structural HCV proteins (INNO-LIA HCV, Fujirebio Europe N.V.). Furthermore, all anti-HCV reactive and GZ samples were tested in parallel for HCV Ag in the ARCHITECT HCV Ag test (Abbott Laboratories) and for HCV RNA by two assays: AmpliSens®HCV-FL (Interlabservice, Russia) for the qualitative determination of HCV RNA with a sensitivity of 10 IU/mL, and Abbott RealTime HCV (Abbott Laboratories) with a sensitivity of 12 IU/mL for the determination of viral load. All testing procedures and interpretation of results were performed according to manufacturer's instructions for the corresponding reagent kits.
In all samples positive for HCV RNA viral genotype was determined by amplifying and sequencing the core region of the HCV genome, as described elsewhere [20] .
Statistical analysis
Data analysis was performed using graphpad.com. Statistical analysis includes assessing the significance of differences of mean values between groups using Fisher's exact test and chi-squared distribution with Yates correction (significance threshold p < 0.05). Linear regression analysis was used to assess the linear association between the HCV Ag and HCV RNA concentrations.
Results
Total 2027 healthy volunteers participated in the prospective seroprevalence study in Belgorod region. Demographically, 930 (45.9%) of the volunteers were males and 1097 (54.1%) were females. The male/female ratio varied from 1:0.8 to 1:1.5 depending on age cohort. The mean age of participants in the whole cohort of volunteers was 42.2 years (SD = 24.6 years). The rural/urban population ratio was 1:6.5.
Out of 2027 serum samples, 27 were reactive in the screening test for anti-HCV (1.33%) and 4 were GZ (0.20%). Out of these 31 samples, 22 (71%) were confirmed by Inno-LIA, 6 were not confirmed (false positive) and 3 were indeterminate. Excluding the latter, the specificity of the anti-HCV assay was 99.70%, which is in accordance with the assay specifications.
The results of the qualitative and quantitative determination of HCV RNA, HCV Ag and HCV genotype in samples reactive or GZ for anti-HCV test are summarized in Table 1 .
None of the serum samples with a negative or indeterminate result in immunoblot was positive for HCV RNA or HCV Ag, except for one sample, ID 1444, which was negative at immunoblot and by both tests for HCV RNA, but gave a positive result for HCV Ag. However, re-testing for HCV Ag using another aliquot of sample ID 1444 yielded a negative result.
HCV viral load ranged from 594 IU/mL to 2,905,138 IU/mL. Five out of 16 individuals had low HCV RNA levels (< 10,000 IU/mL) and one of those a very low level (594 IU/mL). HCV Ag was detected in all samples positive for HCV RNA, including samples with a low viral load. Thus, agreement between HCV Ag and HCV RNA was 100% when testing serum samples that were positive for anti-HCV. HCV Ag had good correlation with HCV-RNA [R 2 = 0.84, P < 0.005] (Fig. 1) . Data on positivity rates for anti-HCV and active HCV infection, determined as positivity for HCV RNA and/or HCV Ag, are shown in Table 2 .
On average, the detection rate of anti-HCV in the surveyed cohort was 1.09% (22/2027) . In children aged 1-14 years and adolescents aged 15-19 years no anti-HCV positive cases were detected. The highest prevalence rates of anti-HCV were observed among persons over 70 years (4.08%, 13/319) and in the 50-59 age group (2.09%, 5/239), which significantly exceeded those observed in other age groups (p < 0.05). The distribution of men and women among anti-HCV-positive individuals was similar (12 men, 10 women). The prevalence of active HCV infection was 0.79% (16/2027) , and the proportion of people with active infection among anti-HCV positives was 72.7% (16/22) . Genotype 1b was absolutely prevalent (14/16, or 87.5%). The distribution of men and women among people with active HCV infection was approximately the same (9 men, 7 women). Cases of active HCV infection were not observed in the age groups 1-14, 15-19, and 40-49 years. The highest prevalence of active HCV infection was observed in the over-70 age group: 3.13% (10/319), which significantly exceeded corresponding figures among people younger than 50 (p < 0.05). Due to very low positivity rates in younger participants, which led to large confidence intervals for prevalence, all participants were grouped into three age cohorts: < 30, 30-59, and ≥ 60 years. HCV prevalence data in these cohorts are summarized in Table 3 .
The frequency of HCV seropositivity and active HCV infection both peaked in the ≥60 years age group (p < 0.05 when compared to age groups < 30 and 30-59 years), and was almost absent in people aged under 30.
To understand the age-specific distribution of diagnosed cases of HCV infection in the region studied, we analyzed the incidence and morbidity data from Belgorod Regional Center for Disease Control and Prevention. Age-specific CHC prevalence in Belgorod Region (the total number of cases identified from the beginning of registration in 1999 until the end of 2018) as well as incidence rates registered in 2008 and 2018, both per 100,000, are shown in Fig. 2 .
The peak CHC incidence shifted over 10 years from the 20-29 and 30-39 age groups in 2008 to 30-39 and 
Discussion
The prevalence data obtained in our study were surprisingly low. The overall HCV prevalence in Russia has been estimated to be as high as 3.3% [21] , which is about four times higher than data from this study.
In our survey, rates of HCV infection are disproportionately higher in older individuals, born after 1958 (age over 60). The same is frequently observed in many regions of the world [22] [23] [24] . Contrary to the observed HCV prevalence pattern in the general population, the registered incidence of CHC in Belgorod Region peaked in younger people (ages 30-39) during last 10 years. Combined with HCV prevalence rates from our serosurvey, the incidence data suggest that a large proportion of HCV-infected people younger than 60 are already identified using existing screening programs, but older people definitely are not sufficiently covered by diagnostics. The high rates of registered CHC incidence in younger adults might be the explanation for low positivity rates in the general population overall and in younger age groups observed in our survey, indicating a 'depletion' of unidentified HCV cases in people younger than 60. Interestingly, a study conducted recently in Yakutia, a vast but sparsely populated region in the Asian part of Russia, demonstrated a drop in anti-HCV prevalence in the general population, from 4.0 to 2.0% over 10 years (2008-2018) . The observed drop in seroprevalence was associated with a decrease in seropositivity rates in the 30-39 age group (9.6% in 2008 vs. 1.7% in 2018, p < 0.05), while anti-HCV rates in people aged 60 years or older remained the same (12.1% in 2008 and 9.9% in 2018, p > 0.05) [25] . Perhaps the results of that study cannot be compared directly with data from this current study, as different diagnostic kits were used for detection of HCV markers, but the overall trend is clear.
The search for cheaper and faster diagnostic algorithms for confirmation of active HCV infection for screening programs is an important task. The WHO and the European Association for the Study of the Liver (EASL) have stated that chronic HCV infection can be diagnosed by either HCV RNA or HCV Ag positivity [14, 26] . The high overall agreement between HCV RNA and HCV Ag observed in a number of studies suggests that the latter could be used as an alternative to HCV RNA testing in population screening [27] [28] [29] . This approach is especially useful for reflex testing performed on the same platform and in the same sample as for the initial antibody screening test. A limitation of this strategy may be lower sensitivity of HCV Ag compared to HCV RNA testing, but in our study both approaches gave 100% agreement, even though about one third of samples had a viral load less than 10 5 IU/mL, and one of those had very low RNA concentration (< 10 3 IU/mL). HCV screening in elderly people might be complicated by an unexpectedly high proportion of patients with low viral load. The results of a cross-sectional study of elderly HCV outpatients demonstrated that viral load was significantly lower in those aged 75 and over compared to the "early elderly" group aged 65-74 [30] . It should be noted that in our study three out of five patients with low viral load were over 80. Nevertheless, our data demonstrated substantial equivalence between HCV RNA and HCV Ag for screening the population where the majority of infection cases are concentrated in the elderly.
The limitations of this study are related to the low rate of HCV positivity, which leads to quite large confidence intervals for prevalence estimates. Furthermore, some active infections may have been missed in anti-HCV negative samples (early phase, immunocompromised).
Conclusions
While HCV prevalence in Russia remains to be fully elucidated, the results obtained in the Central European part of country suggest that the overall prevalence is low. The frequency of HCV positive cases increases with age, being most prevalent in people aged 60 or older. The latter constitute a risk group for HCV infection and should be considered as a target group for HCV screening. The high agreement between HCV RNA and HCV Ag suggests the utility of HCV Ag testing to confirm active infection in screening programs. 
